Structural and functional properties of the hemoglobin components from the Caspian Sea Acipenser persicus and Acipenser stellatus by Ariaeenejad, Shohreh
�
�
� 	

  	 
 
 	 
   
 
 	   !"# 
 /%!& '%&/%!&())*"
(((( !  (((( ! ((((+18/11/1390 1((((	 2(((( !(((( 3(((( 4 
"  !"#$%&'(%) **% 	+ Acipenser persicus *% *% %Acipenser stellatus 
,-."
6%7 8 920:! ./6!7 ;'! 
9  
<= ":
1- @A 3 B C 6
  DE#  F!( !  6!9 &D!(! 4 (&
7	"GDE# "!1%H )# 4 J	 3 KL K  1 (........  C9N F9 K 6!7 6!O
  6!O ! P  K !: 6!% Q!  %R S9% 2%<' !  1 )*G %.
2-%9 UVPW 3 B&!(D 2('() X
( Y")(# K Z( J(D%( B(%[(9 (!(%
3	 \4 8  D 6HG!"2 6
G ].
3-) 4 2^%' 
=9 _`!%9 6%<9 a%D  6!O 
)W K@&;%( 2(Pb K L c` 4 J	
.... 4GDE# 2= 64 4 KJ9 ! 3 B"D4 
&7 d  S9%J.
4-4  %D ! _`"( (W	 K!( 29b f' ! gV"(  1 4"d(#
(  %
DHG!" 9 2 4) X
 h9 A !  6!7 ' %  C9N F9 "
D	! H_"2! JD*.
a!   ":	 
ij  +:
	
Ph.D(
		 		 
Acipencer stellatus
�
  	 !"
# $% &'( )	&  
$* ! +,  #	"  -
 ./0 /1 .		)
+ 
	/	 "   
   Acipenser persicu
3 	 
	+ 	/ 
$%  45 " /5 
"6 70 /5 
	  	/ 
"	8 "44% 7 /5 
"9	, 	8 $' /5 
	!:
;	 70"<!  
	/=>?@A  
s  B  
�   	
           
    !"!# $  % &  '" ($)  $ *  +"  $) , - . +-
' / 0 - .1 0/ +"  ' "-.+3 4.  5 ,7 1 8(  +
 9 1 $) " +" .'&  9/  :$ 0 /1 $)  $  ; $ 
'   $  <=  >+#.
 '"  '"?-  $ 0 $@    9"- /A B-:
$ 8)  1! $ 0@5 :8) ,0 0  '/1 03 D +8/ /EF(
  9" / G  $   H0" /A  1   1 I 0838-  J7K+ $ 9" 
$ 0" >/?=- $L !1. M
 N/  D  0$ 9O"8 08( 
P,+Q"$  0 R+" . <=  	
   D$.
$  9/8H S/) P$ ' P  !"!#$  T J U +"&7  0P$ $ V/E=-
 $  0$ D& W  - $5  I 0838-  J7K+ $  /A $ H DX%  Y J
,
 $ /  /&-  J;? ,Z8 9." D$M $ 0" >/?=- 0 / $ B.
   $ P "O </< P$ 0@5 :8)  8) $  9/8H H/["$ J#  \ 3
$8 Y8" / $ ["$   $ 3+"5 JL  ,$$ @ B I 0 8/ $ D1
 ' "8,A   ,$  $ VK+ V $  +",'." & .
T. P$ 0@5 :8) '/1 $ 0 "8  9/8H ,DX% + $ ,$ T J $ V/E=-
+"&$  &7  0P$ ]K+- ,$ 0" D$ 9" J7L+ V $    $  0$ D& U
'8  0!3 .
( % J<) +-^ 
? _ 8`
  $ D&#    9" 0$ P = /-  L]+- 
$  '.   9".
1! /- -  V/E=- $ T $   ,0M
E P$ ' P ,/a 9/( P$ 0@5 :8) 
7  >/.- 05 &5  0  '8  0!3 ,'($  &5 0$1( >/.-  1! /S
 $.
 J?/?=- !P R"!/. /(/ D3+"5 $ ' / L  $  &- D3+$ R"!/./ /(/
 ,0 0  ' Db"  &- D3+$ 9/`-% 0X8L-/ D3+"5 $  -< ,". ,7
 85 c    !"!# 9" - P$(  >/.-  !3 0/ ,0<P "@5  $..$
>/?=- 9"  Y -,  .  <@ $ dAEF '& $  % ["$  0$  J  
 <=0!# $  ", ! 'S/E=- V  - $ P  !"!#    W  0 <= 0$
$< 9K ,D$ 9 "  </+%. 9"  Y $ P !"!# /SP  L+-  $P   .
$b _"5 D&( ,D 0$efgh
�C = . C$&( 
C$! D0 .!	 ,	  F 7 	 .1 -/ =  C	 
. C$&( 
	+G #	( .  $ 1 " FH  I  :6 	 .1 C$! J	 	4 K
#1 .L( 
$+4 $!,D0 #
�F7, M	N 
+.'OP 	0
KQ, R :)	5 I&'( ........................................................................................... i
eje?.................................................................................................... k
ejl/-)/ 0"(.......................................................................... o
ejlje. R/-/ R"X/ /- ................................................. o
ejljlJEF+ S p8) - )Acipenser(........................................... q
ejljljeD@  )- ") (Acipencer percicus(........................... r
ejljljl  )Acipencer stellatus(.............................................. g
ejljfJ/AE 
/= _/.Q) 0"$ ! ............................................ ss
ejf / ........................................................................................... si
ejt9/S1 ............................................................................................ sk
ejtje9/S1  .......................................................................... so
ejtjl9/S1 $ ............................................................. sr
ejtjlje  D/Y 0 9/S1 .................................................. sr
ejtjljl  $ D/Y 0 9/S1 ................................................. su
ejtjljf    &a D/Y 0 9/S1 ...................................... sv
ejtjfI<-  $KS# 9/S1 $ ....................................... is
ejtjt8-'/^ L"5 ............................................................................. ik
ejtjwV/ </P- b/P 9/S1  ................................................... ir
ejtjwjeG ^Sx 0$/P 9P pH.................................................. ir
ejtjwjlG $ .................................................................................. iy
ejtjwjfG JM. 5 ........................................................................ iy
ejwpK" .......................................................................................... iu
�ejz{ |b% O ...................................................................... ki
KQ, #:........................................................................................................... ko
 )	 I&'( .+ T I&'( ..................................................................... ko
lje0  J?/?=-  Y D( $ 
  9/S1  ................................... kq
ljeje0 J
  Y D( $&) .................................................. kq
KQ, # :: 6UI&'( ................................................................................ o}
fje$ .................................................................................................... os
fjl&( ..................................................................................................oi
fjlje/&-   ~F 9/S1 .................................................. oi
fjljl /&- /P !/"$ ....................................................................... ok
ljljfJ
 .L .......................................................................... ok
fjljfje.L XSDS ............................................................... ok
fjljfjl.L /<T ................................................................... or
fjljfjf.L P .................................................................... oy
fjljtJ
 .1-P  "- " .......................................... ou
fjljwJ
 	/T Y8 _ j|M8. .................................................... q}
fjljz	/T Y8 $ " $ )CD(............................................... q}
fjljJ
 	/T Y8 pS. .......................................................... qs
fjlj D 0/1 A$ <( /S19.............................................. qs
fjljgJ
 0"P + @. ........................................................ qk
fjljeh D 0/1 ZY- 9/`-% ..................................................... qo
fjljee//- 9/S1 $V/$ 0- V/  /5 " )DTAB(.......... ww
fjljel D 0/1 ^Sx 1 0 Oxy,Deoxy,Met 9/S1 ......... qq
fjljefV/S=- 0 pK" ................................................................... qr
KQ, #	7V :.3L( K'(  	.......................................................................... rs
tje? ..................................................................................................ri
�tjeJEF+ 0 0$LS# 9/S1 1 0 / 0" $ 
 .... ri
tjeje~F  0 9/S1 _  " 0 J<G /SF- 
9/S1 Bx ....................................................................................... ri
tjejl9//- ^Sx 9/S1 ................................................................ ru
tjejfJ
 pS.  Y D( 0 9/S1 ............................... rv
tjejtJ
 $ " $ 0 9/S1 .................................y}
tjejw D 0/1 8=8 <( 9/S1 D$M 0$//- ........... ys
tjl
 "? 0 8". ( ( 9/S1 0 $ 
  S/ $ V/$ 0- 
V/  /5 "   V/S=- 0 pL"P .............................................. yi
tjljeJ
 0"P + @. (DSC) ............................................ yk
tjljlJ
 ZY- 9/S1 .............................................................. yo
tjljfJ
 pK"P ....................................................................... yq
tjf/G- $ V/$ 0- V/ 5 / " )DTAB(1 0 9/S1   
  D@  0"$ ! ....................................................................... yy
tjfje G DTAB 9/S1 0 D@    S/ 	/T Y8 
_j|M8. ......................................................................................... yu
tjfjl G DTAB 9/S1 0  D@     S/ 
	/T Y8 $ " $ ..................................................................uk
KQ, CL+T :.L/!  )	7+ T ......................................................................... uq
&. Z8 ............................................................................................... vi
D/La /S3 .......................................................................................... s}i 
T  S)   /S3 ........................................................................ s}k 
�F7, 	 R$6  	 K*0 
VL( eje 9"/.%-%. IX)'b(!) 95 W. [Fe2+]D1 '............... su
VL( ejl \"N/% M5 .......................................................................... sv
VL( ejf  &a 9/S1  !@ 0;5 9/3 P Oncorhynchus mykiss 
 &a D/Y ,9/S1 lD/Y M5 lD/Y  PD/Y R"'$................ i}
VL( ejtR""$ 9/S1 0; $ 0$$5D/Y 0M5 D '
D+ $$1.............................................................................................. is
VL(ejw8"5. .T$ 0E- b/ 9/S1 ) ( 5....................... iq
VL( ejzI<- pK" 3"$ ( 0  S# ............................................... iv
VL( ej'/?- 08  0 	SF pK" ............................................... k}
VL(tje 1-P VA  0 9/S1 0  D@  ................... ro
VL(tjl 1-P VA  0 9/S1 0    .................. rq
VL(tjf.LSDS-PAGE  0 9/S1 ........................................ rr
VL(tjt.L-PAGE  Native0 9/S1 ..................................... ry
VL( tjz	/T  D5 D3$ 	/T *8 _ j|M8.  0 9/S1 
,     D@  $"( $ 0$ ºClw..................... ru
VL( tj$ 	/T pS. - 9/S1 Bx   , D@  .rv
VL(tj$ 	/T pS. E- ANS 9/S1 Bx   , D@  
.......................................................................................................... y}
VL(tjg$ 	/T CDI 9/S1 ................................................... ys
VL(fjehVL( 8=8 //Q-J V"- 9/S1 b/P .................................... yi
VL(fjee 1- DSC 3( - 9/S1 + $................. yo
VL(fjelD 0/1 ZY- 9/S1 ................................................................ yo
VL(fjefV".% 	/T 9/S1  D@  ................................................... yq
VL(fjetV".% 	/T 9/S1    ................................................ yr
VL(fjewV".% ^Sx 9/S1  D@  ................................................ 
VL( fjezV".% ^Sx 9/S1   ............................................. 
�VL(fje	/T VA 	/T Y8 _j|M8. P//- DTAB 9/S1 
 D@   D5 ........................................................................... yv
VL(fjeVL( 	/T VA 	/T Y8 _ j|M8. P//- DTAB 
9/S1     D5 ........................................................... u}
VL( fjeg/G- //- DTAB 0 9/S1  D@  J//Q- A$ 1 
0 9/S1 9" /.................................................................................. ui
VL( fjlh	/T 0 CDP$G //- 9/S1    DTAB  
D5 ....................................................................................................... uk
VL( fjle	/T 0 CDP$G //- 9/S1  D@   DTAB 
 D5 .............................................................................................. uo
VL( wjeI<- |"!. ># /G- 5!/ +. _!) / bX/ ................ ur
VL( wje9/3/ J//Q- SE. ,$ 0( pH|"!. ># $/ 8) 0"$ !
 ................................................................................................................... uv
�*V$
S1 8-/8#   9" $ '& ( \," $@  ) 9$ - $
(  "Q  	SF/= /
88P 1 .) |b% $0 0
$KS#0S1/ 1 $ 9/ D$- 0/Acipenser stellatus 
Acipenser persicus 8) |F $ 9$"a0 .1 @ 
 $ ! .p%
 ) 0  0S1/9 " 9/,  D$M  0X .L
SDS ,.L <T/ ,P .L S1 8-/ $ 9" 9/-  /" (.
.1-P  D$M-  ""0CM-cellulose R"S1/9
  Bx0$1" - S =A   0P .L .L 
XSDS -/"$1 ".T J
/MT  D$M /Y8 	pS. 0!"35 "? 0
 S/   9/S1 
_ $$(CD) 0 ?" 0" 0
%/Y  $   M5 N/ D0S1/.1 JA 9.8H/9T/Y8 	_j
|M8.(UV-Vis) 01 D/V"- 0S1/ 9b/P    $"'
$"//D$M (.8H/S1 9/ 90  Bx0 D(05" J+/+0
8.1 @ D$M $ . $"S1 .  9/5. $  9"8( ( S/
 //- $$/V-0/V5/ "(DTAB) _ Y8 	/T -_|M8.
 _ $$ "?   9/S1 9" 	SF 0 1 0  
 9/8H 
 Y   P 0$ ,P A$.1 .8H/ 9( ( _1S1/  9
  D$MP"0+@.(DSC)  /`-% ZY-  !/$  $ 90-/
-0-(DTT) /S0T/Y8 	__ $ |M8.#Y .1 @0
"5  VA *"S=-  J+/ V0 $ ,."  9" "O. 9/  $ -
<-T8 $/_- 9 $ # /+,_!) +./	SF # $ b 
 9/S1 0 0 JM- ^ 1$+.,V"- b/P  % "05&
$ @.
 0/S 1b:
0" / )/-( V"- ,M5 N/% ,0!"35 ,pK" ,b/P 
�R KQ,:
5)	I&'( 
�WXW.$& 
/ "0-    P" 9/Y- 0 &) ,8(/+ feh /S/ P   
10 V= " M  $ V  - ( "8. 8#  D / V0D
 8((. (1 $" 9/ $ /( DL/18P% 9/+0 8($ S#
/ 9. 9"Q-  D3//XP J"= R/ "A ,/ " x/DD $  $=",! a
$   ,{5"0/ D8( . $ D8P%  $= 
 8a 5  %" L/ 1 !"
&5" .$(. $" 9/$ "! a8) V AEF ,5@ = /$  
"SA D3-/ + $,T"LghA A$/&) / "0 $"$ 9"
 JA1/$.  ^/) " D3" 9/ 0  Z) J
 ,+0 
S1 $KS#/-    1 $ 9" 9" 9/,"8O 8#      D@
" D( :F  9. $".   VE. 9-/)/ "0( "1b0
/X"  \/-/&5 \(  $% ." 1 $ $ J#7T 90 $ 
 $"9
_!)  / J/+0$1 8 O#".8H/AE 9/= J/
.Q) /_$"0 !
 8#"SA D3" 9/. $$1.5  p%-#7T $ $"1b0 / 
S1/S1   # JA  5 |?  9/ 9/ O#  JA  $$1 .8H/9
 9O`-%  &a -  /S1 9/ $ 9/ I<- ,/S1 $KS#   9/$ 9
" $ ) 9.1  @ .
^8-/5 J"K /- V/</  bS1/ 9$ ^Sx G  0/ 9 pH,$ ,
 JM. 05 " 9/- V/O- B/( 8 D$$ .
  Y0S?=-  J
 / D $ D(  Y J?S1 $KS#  / 9
318a  S1/ $ 9"  ,J$) 9"$K0/. /!"K_/(//_ |F ,0"9
K+-  VE./ V$ .% $" ? 0 'S# "8#  ,pK"K! 0
0
 $ D$M $ 8-@"$1  O#  9".
�>XY		(	)		 		(
WXZXW,G"(	/=  [		( [	
- D$/)Acipenseridae – Sturgeons() SS )(Animalia $ D& ( ,
)Chordata(D$ ,/#(  Actinopterygii)(,- 7L()Acipenseriformes(
8(. $."$ D$ 90#7#"$ 'D E"@ "+-  $"=$
8 ."- <(  D$ 9/)polyodontidae ( ". D$ R/S /. 9
)chondrosteidae (   >S0-Acipenseriformes  8 ."D7#   90
 $-"$0 0./S  . $/.x jF)chondrostei ( P $ @
$0$ .L( #/; |F P  >""+P  -$  9/% |F  - D/"8 5.
 D$/ "0$0 (  p8) &a" 8()/ ,efe ,@G /Y ,efw(:
•p8)./VHuso:$0D%0< ,$1/ RS07 $  9&%c! VL( 
  / P (.
•p8) -Acipencer:$0D% 0< ,$1 ;/ RS0$  # 'P
RaP <   / P (.
•p8)D%% : Scaphirhynchus $0  9&% D%(/- /,!$ @ 8S
$0F J=MA( ."p8) 9"  @./ P("JA $ 
P ( $) D$P.
• D%% p8)Pseudoscaphirhynchus:$0(  9&% D%/- /,!@
$D-P 7P(%/F J=MA  D( D8( ." p8) 9/!" @.
/ P ("P ( $) JA $  D$P.
" 9/$01/" 0e.x? $  D$"  / D$ 0$ -;0JAE
  D D$" F0@"8.?=-/ P  D$$ + J? &5 SL/+
 S V(0F S  0.xP <08 $  .8" &5 D$ 9
/F .x/ $ $  D/F  @1/ )@G/Y ,eff(.
 D1".x SL  Y)  9&5)/ ,efe(.
1 Ganoid 
�+F " 9/&5 $ 0$ ("1  88P'F- &) "!0:5 $   $ 
(/"  $ 9+F  ($"( :5 $ 3/"  BE   $ 9 . "9
. p8) $ D$/ VHuso - Acipenser  :5 $0$"! a" . $(
 )/8 :P |+5   P .. p8) $/ V +x0++5<a '&/B?# $  D
"$Y"a R/9"1$-  $588P . $1 Z
?  D-P &5 $ D% . $/S c!
7<  VL(/8 
 S&%   V)/ ,efe(.
WXZXZ)	Q\ 1"]+6 		(")Acipenser(
 " 9/+P /P$ , $ ,D(%  VL(/ Dw$"T 	 7% 0FP 
"$ R"+% &5 	$ $ ,"% 	S&"$ $ "$ 	"L( 38 . $/ 9"$ 9"$ ;  	
03)  c!  RaP/&0F%$ '^8"30 D+$( 
)Probst and Cooper, 1955(. D%" 9/+P /F ,DT"  'P /% |".
.x  D&F& $ P0; ( $ "  $$(
)Bemis and Kynard, 2002, Birstein, 1993, Carr et al., 1996, Vladykov, 1955 ,
. "< ,eft(.+% <?# |F $$$ @  ./  ( 9/ 80  F
-/ !.(% / 7%  D0F% +8  .  $0,"" # $  9
$$ @Q $ /T VL(  P $  9S@ / $ DM V$ $ S) {T  |&) "
  . $" D% " 9/&a <    D_ $# /O# T  VS) $0$$ @ $ .$
 {T "  R/8$$ $) {T  '+a   ? ." 9/+x @. " >S 
&#(0"+x 9l8 )."< ,eft ,/ ,efe(.$ P ) $)(f
1   pS. '001 VL(/" 0$ &5" D$(
)Bemis and Kynard, 2002(. {T  $"++5 {L( R++5 % P $$ $)
 D(%  5." 9SL .xFAE &5 Y)   $
.x .1 IF $" 9/$ " D$( .P/I<- D$   D$ &5 $ 8( 
$$)Bemis and Kynard, 2002, Birstein, 1993, Carr et al., 1996, Vladykov, 1955(.
2 Branchiostegal rays 
3 Heterocercal Caudal 
� $/  >S " +x p8) 9" {L(  a / P 90++5<a/a  D/1$ 9
+x" $5/$ &5 9" D$(.
O# T   D$  $ {L( $"@   .1  . $" 9< /?-  RS"<
 0$ $1 Z
?  .
- p8) $/ +x 0++5/8 VE '  $ 9./- +/$  )& "
$5t8(  P/ $ +/( DLD( D8P%  )v.i.kozlov, 1376(. #"9
//+"'P- 9D@ J7. >T8 $ $"! a $  $$ 11 ,9Y- ,3 $ ,
P   $" D( )7A!"% ,efl(.
A/&5 3(1  $ /+a  cmeh +a    EFcmew EF"-/
 JA1/$.$ $ $ #"$  "{T $ $ :a   $  $  $  $  	
; @  D(  $"%  .1 @ :5 
 $ {P   $/"	P $ :  5 9
 @ $1/$.
./ V - ,  , D@ ,)<a( ,(/Bw1 -/ :5 0
$"! a8,P P  D@    1 $ VP ( / $ 
 $ " 9
 D8 ,88P/'.
WXZXZXW B )		("!") (Acipencer percicus(
/ D/8jP$j-/"*j -"j j"j  " 9 
 +P $ P0(/ P  ! $. $/%/L,8P- $ /5 $ , ,"Y
@!@ $ %L/ D$(." 9S3  $/Persian Sturgeon 
 D$(.SP  P 
persicus % '/ " 98) ! $ D# 

" V Db"" . $(Acipenser persicus / D( D
)Kottelat and Freyhof, 2007 ,."< ,eft(.
 X"/8S0 ,VL("+P  R/ <   D0"T  R"$$ V.?- D%"<
FO/  D$ ' .1 $  D$. . 0/ 80$ &8-  RaP <0"( R
8 F . ;/F J=MA 9+%j<)1 /F J=MA 9<)–
4 Anadromous 
�L(" 9e-t$"F 7% 	$" DT 
 P $(5"|" . .( $- 
0+% L(  -- /Bfhjtgejfl D( D$$ !1 $# . $-0
++5" 9ewjfzF J=MA ( +%jeg<) ,$#lfjwhL(  $#jef
 D5  $# .? $  D$"  0   T 9 '/+0$ .
+%
" 9P ;0–5$ $ 05-/.T $ P  D/5 9++$  , !S.
$ 8" D$( .? $ "F J=MA  D$ -  'P +%  / <  !/ 80P
$ -  'P  .1 @ 5 $" D( ." $ J=MA 9Q/  $  83 'P $ 90
3 )/7T 9" $. $ 'L(/M $ +/1    "' $  V
$" D( D . T " 9$ $ll $ $  D$ 0-lwh ' 
 D( !1 . " 9/ 9L !-hP/!.  1S"|" 
)Vecsei and Artyukhin, 2001(." 1 9"0$ $ D# 
"0|8P% !" . .
 J)& <" |F  '0( "Db@8)5 $ P $"$  Y0
" $" 9$" D( D. !1 D7#" 3 ,P   D@ $ P  $ $
 P <   "H $ -    ; , -/" 8P ."0"
$  D7#"0 |F $ !0@($"0/ D/$ !" D( D . D@ :5 $ 0(
"$ ( $ 11 $ - .1 :x $ 5 $  "DD( . "/M $ !/,$ 
,{a ,$38 ,;- ,9+S1 ,S(". ,$  ,$ V% ,DP D$ ,$5 	",L ,9Y- ,8P 
3 P ,$ V ,$;%( >T8 $"@  D( D+ $  
)Armantrout, 1980(." |F$ -# 1 908)$"0!" .$  $( |@(
/ + x V ?
8 $ !/$" D$( " ")-  1 :5 1 9/ $.
.D# 
 &5 |8P%  D@ J7. ?
8 $ # $wh0( )7A!"% ,efl(."9
) 10  0L+-/V"; V1  .0$"$ $ P 0( ISF   $   D
$ D$="e/t-h/l )$/(  $30wg/-l/et%" .$(
)Vecsei and Artyukhin, 2001(.? $  D@"  "( J V? $  X 0
P ?0 + $  $  /$ 9/ ^  ! :5 V"=) ) 9/$$ .9O
"1 L80P 
 V? $ = $/% b/" 9/   )Legeza, 1972(." 9
0 'F-"!0 $0)-  (/   $0"8 9^1  SA.0"$0$ 
$5 $ B8 >T8  $ J)&0T8P.
�P #  "P $  J)&  38  ) 9z/llP/ D( !1  $ S .
" 9 $/P $ + 'F-  p%"!0$ "  $ $  $$10 9L"L"
/( :5 $ +/"@ 9, "& $) 9"$  "  $$1 . ;0 VA  'F-0
D( ML(�/%   SA.7 !/" P $ $ 988P ./3/T 9"D$!%   D$ R
--  /Belf ell   . BSx/)l  A$ (/9et-flD$ 
 . 4S 9/   $ !/9-ew3  D$ $ /9el-e3Q/ 
)Markarova et al., 1991( # T /+/ $ 8" 9/t D( 8#  .X"x '"
" 9S)  % F ,8-    10    8a  
Rhithropanopeus harrisii ( ,  P ,// ,/LaP 1 H/)D$ 
Gobiidae ( D( /LaP  1 a"p8) Clupeonella L+-/ V8$ .
 D# |F0x 0 X0$ :5 9P )"L+-  / V$ .
 0 [" -# "1 Db MP$ % F 5  p% 0H 
Abra ovate Cerastoderma umbonatum  0Q-")- / 8$ 
)Babushkin and Borzenko, 1951(.  'F- P 0j D&@0 &5 
@  D$/9l/f
-/f/S/ D( <= . 'F-"!038 JA1/$ :5 P $"$ew-lw)$
( ($ $1 . 'F-"!08( >T8 $38" D!0 $ $ 0 " P
?"0!5 )0)shell beds (># $ D5 VAl-lh0) :5/") L"$ $e-
/eG  / JA $$ 1/$.M/- '& $ " 'F- ?
8 9"!0" 9$":  
5")7A!"% ,efl(. " 'F- $) 9"!0V@ |F $ ^70 $ 0!
8) D VA.  05"9_X - V)$."-  - 9/( M@  p% 0" J $ L
 <)&("(  Y1/$.$/ V"- M@ 9 $ -0;0$ $ :5lz-fh
 )$$P 8# $1 .(1 l-8) ?   #/ 90S  'F- $
3ML( 8z3ML(  p% P/&  D( :) D$ "-H 5  p% 
/% 88P 8( $@ P" ( )/,efe(.
5 hatch 
�WXZXZXZ )Acipencer stellatus(
" $ *"    0 )$ D% (- ,P$/"  ,1 ,* 
"0 8($(.  $1,- 8P- $ ,P( @!@ $/5 $  ,"Y
 $   S3 / D X0/ D$(.SPstellatus "-; +/  ($ 9
80(%/ 1  D . D J=MA     P Y5 0(% VL(/ D( D
" 9 "  9 D$(.
" $ D%  1 9+(/ 8  ) 0$ P  "  1 " !$().
 "< ,eft(.+P  8 $ /D,% B/"Pa  $ 9,</P  RS   8-
"+"$    |$! "D%   - L.+%  .L(  0)F$0<
FO/8H  '/P 9 ) . ( $-0+% fjwt (0)F lhjth
 D( ( $# .F J=MA$-+%gjez<) J=MAlzjtfL( J=MAgj
et  $-0++5ltjlg D( !1 $# .8H/ 9/$ 9" 	0SAJ=MA
F D0LaP VL($" D$(.T +% _P0" D&@ 0a$/8
 . $  +%   /$!    D"M  'L(   ( R/ " V$( .
M  S&%/ "$- $   $  V0 0  J=MA RaP" @ 0
8  D$ - 9(" 7P 9" !.SP T/$ ""-/ $   - D08 .
 9L   T UP0" 9-- /Bllh  hP/ D( 8#  1S.<
 0A/ $ D( "# efh jeth  T gjehP/($   1 S ."1 9
$ $"0$5"-/ ,DX , R/D  ! ,D05"&5 !" .$( . "! $) 91") 9/
"$ $ 1 9"09P !  ." 9 ( $ $ 11 - :x $ 5 $ "D8P% 
 ."M $   9/, {a ,9+S1 , $ " 9Y- ,$  ,DP D$ ,8a a ,$5 	
 $L D$ A .8H/ J
 9/M , ,$ V , D@ $     /,$ 
S/8H ,11 */@( :8) 9x :8)  |F /8) !! :;- D7+
$."$ 8 1 9" 3/ "0-  .// R0z :50S / 90%
 $0 )Shorygin, 1952(.W {7  "   1 / !/ "$0; " 0
%/"8; " D$M :58P .; $  T $" 0;"/$ +"$   B(  D( D" 
)-/ 8$.    |8P%/ !"$0, :5 ># ("18P% E    
6 Benthic 
�� 
/ @ D$M $ T 8#  P1/$$ $ ." 9 $- "$0@( V $
8) !$"$  D( D- 8) |F  :5 0( J)&8P  $
 " $ Db" V   & V" P8P )Kottelat and Freyhof, 2007(.
") 1 90$ D@ J7. I?  - $"$ " D # $ -#  $(/ |ewh jfhh 0
 $$$1 )7A!"% ,efl(." 9 UP08( (%/Q- {A  D" 8P.
SP 
$ D$="01" 9 	SF E. $/9t-w/lgQ )$/ .$
( 9O0 :5/ !/9e/h-z/et A$(. $/1 0 X"$  1 9/ . V
./!"LA 18( $$ P :=T  $(0% :5 # P/"- 3 $ $ 5
eeh P/ D( !1  $ S.
 4S 90P $ ee-ef  0 D$ et-e- )   D( <G "9
 ($ 9  .;T # D$-0-  $te # 88P .$ 8" 3/
"0 M@0-/SU    $f-t .X"x '""  1 9"1b0
/X"LAE / J"1 V= :5 Db3 5$$ )Shorygin, 1952(.)
;   - 9  % F 0(//   0  [Q-" 88P.
/1   )$ $ [ /P ,/{A ,LSAbra ovate Cerastoderma umbonatum 
x 8# 0 D$M  $88P .X"x '""$ $ 1 9)$0" (1 " ,
( ;//   P ,Mysid L+- / V8$ )Kashentseva, 2001, v.i.kozlov, 1376(.
0Q- " 88P" /Q- 'P "-  38  D$P /a  VU  D$M $ 
88P . 8" 9"-  p% SA.7 /   VU 0x"$"   $1  /$ 9/ $ V"9
   38/9hjhP/% :5 S/"88P.
  )&0 . P 0"$0$ $ " 0Q-"1   T
8H  8P/ 90-/ $  $  VU $(." 9/! $ 0 'F-"!0,3  
M ,P ,; ,- ,/ J)& $ 8P .8) 4S  -$   $"1 
0 D$  D$. M- X/- 9/SU 0 D$  -P  .$ $  
) #  :5 
 J" JJ(   Q-// J/a /( $ !":5 
$50 	@   'F- B)  8P $(# I?  /( P $ - >"
%"-08P P $$.
7 Gammarus 
�� 
8" 'F- 9"!0( =-" G /X"L)$ :5 
  Jw/h–l/h (
 JA1/$.&5 $ J)& ~0"5 D $ "V)$."9(%  38 P $ $ /"< !
<P )&("&   ( D+$( .% J)&/"  D& J)&  < D!/P 0
 $.$  D& J)& P $ $0eh )$$  D( x5 $1e)$ ~ 
 $% $ D$  D( 	@ - $ :5 (  1  <  /"  :5 ( $  !
 .1$( .
 'F-"!0$ 	P $ $ P0 :5"Z) ":5 /h-/eG  /($
738 >T8J
@  D  D ) ) {A   0F " M V1   
&8(0($ $   Y$(.SL(  'F-P0" /0
@  ($0$l/f/S/ $ 
P +30" D&@  V0 .L/$ $ 0lh-l )$$1tt-h#
 T Y .0) p% ; f-t $  D)/ p% SA.7  
 'F-  ( ~$" ( .
 (1" 9/ "   "x   5 5".
WXZXjPQ' )	N",k6 ;	"	3 
$" ,! ac! -"$ 9"5 7
A $  &) a$ "  8.$"0&)  !(–
8)T  .Q)/"wh@( )$$".  % /"- 9"8)  9# $ 5
.Q)/"fz )$ff@$/( ?,-; "(  9.Q) # $ 5/"t )$@$/?
($$ @. "-- 9/ B/9(-"98)-"9
? 0$ 5eh# {7 )$ 
.Q)/"(. >#"$ 9" $ a/   T   ( s} |F $ ,/  /9
su} -yuu :5   8) |F $     S ¡"K+-  /  V $vr} -s}}} 
   .# - >s}iq  ¡/ $ !/  8) "$ 9" D( !1 a . V $"$"0
!fwh $$ $) $ ( .&"$  &5 90/( /-7,8 $  8-<# 0
,M/ ,$" ,>//S( ,9K8- , Y- ,$ pM ) ,9)$11(( ,/$ .$" 9/|? 
M $/T $h / S0"A ^  ' ?
8 9/<T   $ V=  / /
$E@0,+ ^  ' 0" !/ .8) O J p8)$"0!;  V10
L5 ,&-8P 0 MP$ {A"&% 'L("(.
�� 
>X?	 	
 $ $ D& 8"  3/0  <S1  1&0L+-/$ P  D( V
 .  $  8 >S JA  7%0 $1 88P .!)0S<S1 ,
0!@" "/  <S1 0M/"P / 8 . <S10 !@/ 8"
x $ D&/,%  ;  $ /$= $- $ ?.  VL(0?-  1 "P <0
$" D$( - . "  $  S 98." S 90S1/ 8 9
/SA MP V &5/5  b .  |+ )Tocidlowski et al., 1997(.D& &8-
$S1 @. P/ !@ <S1  9; 8(0/$  0$"  30B
@
 D$  :8)Chaenichthyidae 8(.; $0P !@ <S10 $g/$$ 
@ L .
/|;  ? $"  /F  <S101! !@0$  $/$ |( 
 <S1 D0  !@" / 1! .d;L I<-/ <S1 $-  D 90
$$ $) !@. UP $/F  <S1 $-0!@ $ $l/S/  $ $# /S
Q BL/ .P-"A$ 0 <S1 V( P   VP 'Y 0 !@(.$-
 $  !@ <S1/ Y/P- !"S1 ^Sx  /O ,$ ,VE. B  ,9/x "
 JM .<S1 0M/ <S1  < 0.  !@P0$- ;  $
  &5ewhhhh   $ $#/S P  BL  )Junqueira and Carneiro, 1991(.
 <S10M/1 V( P 8  &a / eh <- ,/ eeM8 ,/ el ,/
ef 8(  |?  P  P" Db0 $/ J$ D&# .
-/ S 0 $/ S 08/$0et /7%ew - VL( P" !/S .
0 $)  (5"8."     S 9011 J+1/ ;  
 "L8) $" [ (  (.
8 erythrocytes 
9 Leucocytes 
10 Granulocytes 
11 Thrombocytes 
12 ymphocytes 
13 Monocytes 
14 Stem cells 
15 Hemocytoblast 
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17 Multiplicity 
18 Heterodontus portjacksoni 
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19 Chaenichthyid 
20 Leptocephalus 
21 Trematomus bernachii 
22 Hemoglobin multiplicity 
23 Genotypic 
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26 Prosthetic 
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28 Bravenitz 
29 Konigzberg 
30 Hill 
31 Proximal histidine 
32 Methen bonds 
33 Hexacoordinate 
34 Pentacoordinate 
35 Hexacoordinate 
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39 Stability 
40 Steric 
41- Global 
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ototheniidae   rroiu/su
iTrematomus bernacchii 
(Merlino et al., 2009) 
Nototheniidae   rrskv/yi
fPagothenia bernacchii 
(Camardella et al., 1992)  
Nototheniidae   rrskv/yi
oYellow Perch(Perca flavescens)
(Aranda Iv et al., 2009) 
Percidae          rquuy /qv
qTrout IV(Oncorhynchus mykiss)
(Aranda Iv et al., 2009) 
Salmonidae        rrqqr/qk
rLeiostomus xanthurus 
(Mylvaganam et al., 1996) 
Sciaenidae          rrqu}/qu
yBrycon cephalus Characidae         rriqv/qv
uMustelus griseus
(Naoi et al., 2001) 
Triakidae            riysv/ qv
vIsurus oxyrinchus Lamnidae          riysv/qv
s}Dasyatis akajei
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48 Concerted model 
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54 Riggs 
55 Weber 
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56 - Chemometrics 
57 - Pattern recognition 
58 - Classification 
59 - International chemometrics society 
60 - Massart 
61 - Wold 
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62 - Experimental design 
63 - Quantitative Structure Activity Relationship (QSAR) 
64 - Geo-chemistry 
65 - Forensic science 
66 - Environmental monitoring and control 
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67 - Drug design 
68 - Sampling 
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69 - Multivariate Curve Resolution (MCR)  
70 - Self modeling 
71 - Simplex 
72 - Newton-gauss 
73 - Alternating Least Square 
74 - Spectroscopic 
75 - Electrochemical Signals 
76 - Composition profile 
77 - Concentration profile 
78 - Spectra profile 
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79 - PLS (Partial Least Squares) toolbox 
80 - Graphical User Interface  
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1 Dialysis tubing cellulose membrane 
2 Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAG) 
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3 Separating gel 
4 Stacking gel 
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6 IsoElectric Focusing (IEF) 
7 Isoelectric point 
8 Immobilized pH Gradient (IPG) 
9 Rehydration solution 
10 Mineral oil 
11 Passive rehydration 
12 Electrode wick 
13 Focusing 
�� 
!   	7(.R'$"
•D ze/g 1
•Ampholine )lh(%i}}P/
•CHAPS/h 1
•DTTewt/h 1
•$ :50"/D!lhP/
•S 8.)e(%oP/
KG / .	!!!	5"
(/$ Bet#jXX

ewjjjjjji}@$/?iq}  @

jjjjjjq/i#s}}}} $  @
8-0o}}}}jjjjjs}}}}   @
q}}}}y#Y
jXZXm)	G	N ,(	5"G( : .|!"ez 
-P.1-  """L8L- / R0) $ '&0SF- /`-%/ 9
 :=$(. $"- {7  9"   Z0`-% 
/ 9/ '& ( .
.1-P-"" @/"  0 E- D10D( $ )	F   (
0"- R"D88P 0".-"D88P 0"S% / 0U8^/S% ""
 P  D(  !S0<U"M8 T "% >/VE 5  ;P +1 .|8P ' 
/`-%/9"- R"D88P 0"J@     &8- "3LS $$ - "Z
=
 `-%/,9pH<T ,/" 0"$!. ,7 $ Db"^/ 7 05 
14 Ramp 
15 Linear 
16 Ion-exchange chromatography 
�� 
-"D88P 0"/  !.SP 
 $"`-%  9/( $  9"
 E- UP P
 
" 9" $ ,$( $Y(p ^8) 0,Q-   &5//( ""=/
F JE )  (  88P .
 8" 90`-% E-/   90"- R"-P D88P /8 CMjJ@ ,!S"%/"9
pH$q(" "5 D :=$( ..1-P $-"5 /,8 
DEAE jJ@ ,!S"%/" 9pH$u(" := B8 $(.
!. "J@ |P  |""pH"P- /<$  ,`-%/ 9"L$  p%"30 
 ( ~  D( )    ($1 . $"9 .1-P"
 R-"
D88P"$" a    $ P '/ !"  9/`-% 
   ,( +/	F P 9
"  9 E- L= 5  (".8H/a  9pH < S=pH"L!"R
`-%/ SA. 9/+0`-% ( ($/  9)-"D88P "('L=  VE -$( .
 $"?=- 9/ >0)0S1/ 90 
 $ 1 $.1-P-""
( D$M ."- R"-P D88P / 8CMj!S .1-P   8# 
Q-//JpHSA  8# $)0D$M $1".CM j!S   $ D( D$M 
P( sigma "$0($ D.
" 9 D$M D$5 VP-%0 EF"D$ 9$ PL $5/LP(sigma 
,$ $)$1 D$5"$ ".1-P  RT i}
@  s $
M.1 @ D$ .
mls}  0S1/D( ~F 9,  . "!y}j~($  p% "/ !.
 JM.mMs}q/qpH)pH%/"
?  - 9"L!"RS1/9 (Jsi ,#
0.1-P  @.1 . +( V#JM. . mMs} rpH'Y  k
. / e    ( x50!."+VA.   i/}-pHq/uS1 VP P/  9
 ~  $ ,(". .) $ " 0mli5 Z)0$1". p
 D3$  D$MT/Y8 	_jR- R- :) |M8. "1 D  /0 1-P  (
$1 '    I".
17 Bed volume 
�� 
jXZXp9 )	G	NL+ o";"XvO+,W} 
J
T/Y8 	_j|M8.  ^8 Q-//T $ J/) 	S1/( D$M 9.
T D3$/ *8 	0(/$�� UVks}} P  !&Y/ &) -T /Y8 	D$M $
.1 @ ."-% $ JE D3$ 90�� S@ P/ P $$ VOM- 8P ."8$0 V $
$ P ("L$ $  ."30 @ 1/$T JM- /M L(5 &5$(.D$=
|�� T/	/ ~ T 90nmi}} -nmu}} ^8-/'$1".O/MA  $ D3$
 JM. . -mMs}k/ypH'. (."8%   ( % .  D3$ V $"�� 
  , V $ p  50 I S1 $/9D(   @.1.8H/9
- ^8//^Sx 9)c(S1/ 
  9/; J< A=cd P ( D$M �� �� AT $ :)
 ~ nmqos ,�O" :) B0PS1/$ 9 ~ Tqos  q/sk
/S  ;$  ) P"O 9":) B 0" D( <= '  R(.dT
/P  <# $ s .1 ^ $ $(.
jXZX~9L+ o"	! {!"!")CD(Zj 
 $"$".  R/!"L/  0   
Q-// J0
L 0"  JM |8L P<
@     LP/$ D" D0$1 ¨a
$1  1 D/08P.
T/	 $"$ $ |M8. D$=0Q-//T   $  J/	 $"
$$! |M8. D$="Y '&  I ,R/ D0<)-5/%  R/ 0$0M/0
 $  `-%/ 9)Li et al., 2000, Sugita et al., 1971(.
T/	 $"$ $/$ |M8  )T | D$=/ 	/9sv}ir} ( ,
L D3$  D$M7%"Jasco J-810 
@  !-P JP  D$M mms$ $0
˚Ciq5  .`-% ^Sx/$ 9mg/ml  ik/}JM. .  $mMs}k/ypH
^8-/$1 '".`-%  $ /!.    D$M  9CDNN version 2.1 !Y- $"S=-  /V
.1 @.
18 UV-Visible spectroscopy 
19 Shimadzu 
20 Double beam 
21 Scan 
22 Base line 
23 Circular dichroism 
�� 
jXZX9 )	G	NL+ o"]!	,Zm 
"T 9/Y8 	-#7T5 D$". |") ,"% D3/0 VA. ,7 |8L ,/L 9$
/  $1. $"?=- 9/ ^8 >35"!0=
S1/ 9Q-// J/J( !
( D$M pS..S. -%-% p+0 |M8."_-%  < P 0:)
X  -8S ~ T0P0$$ .
  $ 8S.0  Y  LP$(.
$  LP 0- 8S. $"3 8 5 @. ") 8S. &5 
 .O  5  p% 0`-%/81 @ 
 $/$.`-%/ 9$ $ JA $ /0
5/- 8"- ,./"8. ,9/;5 V/$ 90- 8S.8 .   P  8S." 9/05/8
A ~ T $ $( ./5 /- 8"SA V# .- 8S.-%`/ 9.T/	
+0`-%/T D3$  D$M   9/pS. *8 	Varian   Carry Ecips T 
3  G ~/3Fnmiuq D$= $ nmiv}jo}} ) T VA.  v/}D( <G 
.S= `-%/9^Sx $mg/ml  ko/iJM. .  $mMs}k/ypH-&/ 
1 D/0pS. J( 5$ $0�Ciq%  Y". . ^M=0!-P0Y D( D$M
$�lo}}  T /0$cmq/} ($  <# &) $  .~ T | #
+   ML- -0. Lnm/min si}  /$ 
@ !"+ H0–&-//Ynms} D$.
 S=0`-%/8$0^Sx$$mg/ml  ko/iJM. . $mMs},k/ypH&-/
( . G  V@  &)0D( D8P% �� . / S0 -. D   0+0
 -. -  D( D$M0 P ~ T  nmiv}  :) "8. P% $)01 :5"!
S1 $ $ $/ D$M  91-Anilinonaphthalene-8- sulfonate)(ANS (.
ANS "$ R":+ $ P 0T/+ 	0  F+"Db0 /! 35"!$ 
=/{T ( .T/+ 	0pLSPANS –1S/$ 9�Ciq/ ~ T 90
nmrq}jkrr 3 ~ T /3Fnmkqq (  "3$ V<@ D( <G . V<@
T <G/+ 	0L /@$ D$ $/ ?0MANS  P% $035"!$) $
`-% /95  ( D$$.
jXZX} $! : 	40 $P
/P- V/<P/ b S1/AE $ {7   9/T J/) 	3 $/P D!
S1/P$  9S1/  D$M  9Tietz 1 D/0(
24 Spectrofluorimeter 
25 Scattered lights 
�� 
)Tietz and Andresen, 1986(."$ '0-//(Na2S2O4)"# R@ D8P V0P P 
S1/$   90PS1/<- 9" V8P )Salhany, 2008, Stevens et al., 2005, 
Weiland et al., 2004(.S1 <( A$/P  9/ P b  D$$ + JA   $("
-" 	$1$:
$)ijs(( )
2
%OS = )./P E- /b//P !/S1  VE b/9( X100 
 
./P ^Sx VP  -<# E- /S1 VP <(  38 b/9.  <( A$
.L0 .  D$M "<= $(:
$)iji(( )
2
%OS =  	 
G( :8 MK4K5
^Sx B8S1/$ 9mg/ml  ko/i$S= JM. .mMs}k/ypH-&/$1".
�lu}} S1 S=/ P 90.P JP  <( &)/   D$   - $ b
 $-/$ $  :F   D0�Ciq 5 :) ~ T $quo  D$M   D3$ 
T/ *8 	0(/$  UVks}} P  !&Y/_@  -D$  5 A548(0) /"'.
8H/9_@  p%:) $qyy  5A577(0) /"'.?�ls}} S= mg/ml  k
$0-// "^Sx  JM. . $ 'mMs}k/ypH)0&-/JM. .  S= 
.P J 1 lz8P/'(  " .O  9D$  7P - VL(P$<-"$( V.
$  VA  :)nmqou nmqyy _@D$ --  &5 /BA548(r) A577(r) 
30(. < D5  $#  D$M 0R0Rr-- / B"<=(:

=  $ )ijk(

=  $ )ijo(
26 Degas 
�� 
   D$M  p"O " <=  ^ $ B8P/':
(/ R' $ R' 	  C(!F
$Yd�lu}} S1 S= /9^Sx mg/ml  ko/iJM. . $mMs}k/ypHP
0.P J<( &) P / - $ b .1 @  $-   /D,$ D$5 (.
" D3$ JP $ S= 9"$ $  F0�CiqT $  5 :)  ~0nmqou nm
qyy _@(. p"  $P .O   S= 9l«q S= "$ '0-//$
-//.1 @ .-//SL(    YP ( !.    p%" S= |"$ '0-//,
S1 S=/5  9 ~ T $ 5 :) p  ISF0nmqou nmqyy _@
$1".-//P VP ($ - /S1  b/$ 9"..O 9($ " . B$  -
 $  :) $Pnmqou nmqyy A$ <(S1/91 D /0$P .% $",
Q-// ^Sx  < <( A$ J"$ '0-//8=8  D$P ' S1 <(/5  9.
q}[SDT]  ^Sx 5[SDT] P ^Sx 5 $ $q}%S1 / D( <( 9$
 
?0q} P8=8 $LM-/P R/S1 $ b/ 9()Nelson and Cox(. $"  9
 ^Sx"$ '0-/".E ) 0_!) +.P/D$M b  D(.
jXZX	5 )	G	N/ "B/,"Z 
$-"8/x R/<T /`-% (/% 9"% $   "0`-%/ 9."L  0
Y8| $" 9/P  D$M 8"0+@.(DSC) %  P ("1 D /0X0
 $/ 0!."J |"`-% S= R/8  <% P`-/8S= $ $ $)
  D( . $",  91 D %/0. ,D(/1 ""`-% S= Db/+. $ 9
GCp. &MCp/1 !0- D( :)"`-% R/ 90<-"<T VL( V/5
27 Differential Scanning Calorimery (DSC) 
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28 Aggregation 
29 Dithiotreitol 
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30 n-dodecyl trimethylammonium bromide 
31 Soret bond 
32 unfolding 
33 Benesch 
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34 Factor analysis 
35 Rank deficiencies 
36 Constraint 
37 Non-negativity 
38 Closure 
39 A priori knowledge 
40 Factor Analysis 
41 Decompose 
42 Bilinear 
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43 Pure spectral profiles 
44 Residual 
45 Singular Value Decomposition 
46 Rank 
47 Eigenvectors and Eigenvalues 
48 Chemical rank 
49 Correlated variables 
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50 Rotational freedom 
51 Scale freedom 
52 Constraint 
53 Nonnegativity 
54 Unimodality 
55 Closure 
56 Selectivity 
57 Local rank 
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58 Denatured state 
59 Unique 
60 Iterative optimization procedure 
61 Minimal residual error 
62 Pseudo inverse 
63 Local minima 
64 Simple-to-use interactive self-modeling mixture Analysis (SIMPLISMA)  
65 Evolving Factor Analysis 
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Abstract 
 
Hemoglobin (Hb) variability is a commonly used index of phylogenetic 
differentiation and molecular adaptation in fish. In the current study, the 
structural and functional characteristics of Hbs from two Sturgeon species of the 
Southern Caspian Sea Basin were investigated. After extraction and separation 
of hemoglobin from whole blood , the polyacrylamide gel electrophoresis (SDS-
PAGE), native-PAGE and isoelectric focusing (IEF) were used to confirm Hb 
variability in these fishes. Ion-exchange on CM-cellulose chromatography was 
used for purification of the dominant Hbs from these fishes. The accuracy of the 
methods was confirmed by IEF and SDS-PAGE. Spectral studies using 
fluorescence spectrophotometery, circular dichroism spectropolarimetry (CD) 
analysis and UV–vis spectrophotometery. Oxygen affinities of these Hbs were 
compared using Hb-oxygen dissociation curves. Also, the dominant Hbs from 
these blood fishes were utilized for further experiments. The behavior of Hbs 
during the denaturation process by n-dodecyl trimethylammonium bromide 
(DTAB) is investigated by UV–vis spectrophotometer and circular dichroism 
spectropolarimetry. The thermal denaturation properties of the Hbs were 
investigated by differential scanning calorimetry (DSC) and Hbs aggregation 
performed chemically in the presence of dithiotreitol (DTT) by UV–vis 
spectrophotometer and chemometric study. The results demonstrate a 
significant relationship between stability of fish hemoglobins and the ability of 
fish for entering to deeper depths. The UV–Vis absorption spectra identified 
species of hemoglobin and showed the concentration of oxyHb and metHb 
decreases and deoxyHb increases upon interaction with DTAB. Besides the 
UV–vis spectrophotometry, the interaction of DTAB with hemoglobins has 
been studied using circular dichroism spectropolarimetry analysis. This 
experiment was utilized to measure the unfolding mechanism and compared 
alpha-helix secondary structure under different conditions for Hbs. The results 
reveal that the Acipenser stellatus Hb in comparison with Acipenser persicus 
Hb has more stability and more structural compactness. Besides, the results 
confirm the hypothesis that there is a meaningful relation between average 
habitat depth, partial oxygen pressure, oxygen affinity, structural compactness 
of Hb, and its stability. 
 
Keywords: Sturgeon hemoglobins -Oxygen affinity- hydrophobicity- 
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